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Abstract 
Niobium-doped Ba0.25Sr0.75TiO3 (BST) thin films with one layer coating have been manufactured on p-type silicon and corning 
glass substrates using chemical solution deposition and spin coating techniques with a rotational speed of 3000 rpm for 30 seconds. 
BST thin films were prepared with concentration of 1 M and annealing temperatures of 850°C, 900°C, 950°C on p-type silicon 
substrate and temperatures of 400°C, 450°C, and 500°C on corning glass substrate. Characterizations of optical by using UV-Vis 
spectrophotometer and electrical Characterizations were performed I-V meter, respectively. The aim of this research is to 
characterize optical and electrical of BSNT implementation as photo sensor that can be used satellite control switch.  Thin films 
also have photodiode properties due to its appeared current were faster in light condition of 60 watt then the dark condition. The 
optical result showed the value of gap energy was 3.31 eV, 3.29 eV, and 3.21 for BST and 2.93 eV, 2.85 eV and 2.80 eV for BSNT. 
The electrical result showed voltage knee 2.1 Volt, 1.8 Volt, and 0.5 Volt for BST and 0.4 Volt, 1.5 Volt and 0.3 Volt for BSNT.  
The results showed that the photo sensor characteristics of BSNT thin films can be used for satellite control switch. 
© 2016 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the organizing committee of LISAT-FSEM2015. 
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1. Introduction 
Thin film is a material that gives new hope in the development of solar cells device to meet the requirements, 
including low cost and good material stability [1]. Making the thin layer has been developed by using certain methods. 
Method for making thin layers are generally grouped into two: the method of vacuum and non-vacuum. Vacuum 
method consists of PVD, laser ablation, Ion Planting, and CVD. As for the non-vacuum methods are electrodeposited, 
Dip Coating, Spin Coating, Electrophoresis, Screen Printing, and Spray Pyrolysis [2]. The method used in this study 
is non-vacuum i.e. CSD (Chemical Solution Deposition).   
The thin film that was developed as a solar cell device has a fairly good efficiency. Based on the obtained data, the 
efficiency of the manufacture of solar cell and silicon materials is above 20% [3]. Tools that can generate the 
photovoltaic effect is basically a matter of semiconductor materials. 
BST has been implemented as Sensor Devices [4], Immuno Sensor [5], Microwave Devices [6], CMOS [7], 
Dynamic Random Access Memory (DRAM) [8], Ferro-electrics Varactor [9], Capacitor Devices [10], Electrical 
Conductor [11], Semiconductor Devices [12], Micro Electric Devices [13], Tunable Filters and Antenna Devices [14], 
Nano-sized Photo Catalyst [15], Methods to Improve Adaptive Impedance Matching [16], and Other Applications [17] 
2. Materials and Methods 
Materials that used in this study is Barium Acetate powder Ba(CH3COO)2, 99%], Titanium Isopropoxide 
[Ti(C12O4H28), 99.999%], Niobium Oxide, 2-metoksietanol solvent [H3COCH2CH2OH, 99%], Si substrate (100)           
p-type, corning glass substrate, aquabides, HF (fluoride acid), slide glass, and aluminum foil. Thin film 
Ba0.25Sr0.75TiO3 that is overgrown on top of p-type silicon substrate and corning glass with CSD method is created by 
using barium acetate [Ba(CH3COO)2, 99%] + strontium acetate [Sr(CH3COO)2, 99%] + titanium isopropoxide 
[Ti(C12O4H28 99.99%] + material (for BSNT) as precursor and 2-metoksietanol [H3COOCH2CH2OH, 99.9%] is used 
as a solvent material [12]. After the ingredients are mixed, the solution was shaken a few minutes. After that, the 
solution was filtered to obtain a homogeneous solution the substrate that used is a p-type Si substrate (100) and corning 
glass. The cleanliness of the substrate as a thin film growth needs to be maintained so that the thin film can grow well 
and evenly. The substrate is cut to form a rectangle with a size of 1 cm x 1 cm. 
The substrate which has been cleaned is placed on top of the disk spin coater reactor which has been on the outboard 
with insulation in the middle, then the substrate is etched with a solution of BST and BSNT as much as 1 drop. Then 
do the spin coater reactor playback which is set at 3000 rpm for 30 seconds. The next process is annealing that is 
heating the substrate at a high temperature which is at a temperature of 950°C, 900°C, and 850°C for the Si substrate 
(100) and 400°C, 450°C, and 500°C for the cornong glass substrate for 15 hours which aims to diffuse BST and BSNT 
solution with substrate.  
The process of heating the substrate which has been overgrown with a thin layer at high temperatures or annealing 
process is performed by using a Naberthem furnace models. P-type Si substrate (100) at different annealing at 
temperature of 850°C, 900°C, and 950°C whereas for corning glass substrate at a temperature of 400°C, 450°C, and 
500°C. Annealing process is carried out in stages. Heating is started from room temperature then raised to the desired 
annealing temperature. After a rise in temperature for 9 hours and then heater is adjusted to a constant annealing 
temperature for 15 hours. Furthermore, the furnace cooling until back to room temperature for 12 hours. 
3. Result and Discussion 
3.1. Film optical properties of BST and BSNT 
The addition of doping in thin films led to changes in the transmittance percentage. Although the changes that 
caused by doping was not too significant, but small changes affected the absorption coefficient (Į) of the thin film. 
The value of the energy gap was affected by the value of coefficient absorption (Į).  
The value of absorption coefficient (Į) that obtained from the calculation is varies for certain wavelengths. The 
obtained value of absorption coefficient (Į) for determining the energy gap is 103 cm-1, Based on that result, The 
value of the energy gap for thin film can be calculated. The value of gap energy can be searched by plot Touc method.  
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The extrapolation to zero by using plot Touc for BST thin film consecutive with annealing temperature 400°C, 
450°C, and 500°C. Based on that plot Touc, the value of gap energy was obtained. From the result of that extrapolation, 
the value of gap energy was  about 3.31 eV, 3.29 eV and 3.21 eV without doping, whereas the presence of doping 5% 
NbO5 was  about 2.93 eV, 2.85 eV, and 2.80 eV.  
Effect of doping on thin film causing the value of the gap energy becomes decreases. By decreasing the gap energy, 
the process of excitation of electrons from valence band into the conduction band becomes easier because the required 
energy is relatively smaller. The faster electrons excitation, the faster currents appear.  
Determination plot method to search gap energy value other than the value Į  10 3 cm-1, the process of electrons 
transition from the valence band into the conduction band of the semiconductors material can be directly and indirect. 
BST and BSNT thin films considered to have made the electrons transition from the valence band to the conduction 
band indirectly. To determine an electron transition process, the reviews should be reviewed very thoroughly with 
fairly sophisticated equipment.  
Fig. 1, shows a graph the gap energy of the thin film. The value of the gap energy decreases with increasing 
annealing temperature and doping additions. The decreases value of gap energy is caused by the shift of the absorption 
coefficient (Į). The resulting shift is relatively small. This result indicates that the making of thin film by using the 
CSD has a quite good thermal equilibrium 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Energy gap for BST and BSNT (a) BST gap energy at 400°C,  (b)  BST gap energy at 450°C,  (c)  BST gap energy at 500°C, (d)  BSNT 
gap energy at 400°C,  (e) BSNT gap energy at 450°C, (f)  BSNT gap energy at 500°C 
 
(a) (b) (c) 
(d) (e) (f) 
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Fig. 2. Curve I-V for  BST and BSNT (a) I-V Measurement BST at 8500C, (b) I-V Measurement BST at 9000C, (c) Measurement BST at 9500C 
(d) I-V Measurement BSNT at 8500C, (e)  I-V Measurement BSNT at 9000C,  (d) Measurement BSNT at 9500C 
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3.2. Electrical characterization BST and BSNT 
Characterization was conducted by forward bias and reverse bias. On forward bias, curve is above, while the reverse 
bias curve is in below. Rated voltage that causes the current rise varies for all films. Voltage that causes the current 
value appears, must exceed the potential barrier of thin films [18]. When forward bias hill of potential in thin film 
becomes smaller than the voltage potential hill [19]. 
Voltage that causes current starts to rise is called a voltage knee. For certain semiconductor materials, they have 
different voltages knee such as silicon semiconductor material 0.7 Volt Germanium and 0.3 Volt  [20]. Rated of 
voltage knee for BST and BSNT thin films without doping can be seen in Fig. 2. Rated of voltage knee consecutive 
of about 2.1 Volts, 1.8 Volts and 0.5 Volt. As for the BST and BSNT thin film in doping 5% Niobium can be seen in 
Fig. 2. the value of voltage knee successively around 0.4 Volts, 1.5 Volts, and 0.3 Volts. Annealing temperature 
effected on crystal thin film formation, so that structure can be different. Thin-film structure has effect on their nature 
electrical. 
In the semiconductor materials, there is a limitation to accommodate the voltage, so that breakdown voltages is 
achieved [21]. With the advent of the breakdown voltage, then causes the thin-film into conduction so the produced 
current is rapidly increasing.  
Effect of doping to voltage knee and the breakdown voltage causes the drop. The influence of doping causes more 
free electrons and holes in the crystal [22]. Free electrons in thin films causes the thin film becomes conductive. 
Giving light on thin films causing the film becomes more conductive. The occurrence of conductive properties on 
thin films is due to the photon energy absorbed by the electron. Conductive properties causes the current appears 
faster. 
From the I-V characteristics, it can be seen that the thin film had properties as a diode. The presence and the absence 
of light makes a difference, resulted curve is also different. Therefore, the thin film also had properties as photodiode. 
 
4. Conclusion 
The Results showed that  The Gap energy for thin film has been made to become lower with the variation of 
annealing temperature and the addition of doping. With the declining value of the gap energy, the electrons are easier 
to excitate because the required energy is smaller. Thin film properties can be assumed as a photodiode, as it can be 
seen from I-V curve. The value of knee voltage for semiconductor materials are varies. Thin film that has been made 
has a different knee voltage for annealing temperature variations and their addition of doping.  
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